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Influence of a Chlorine Admixture 


and on crystal structure was 
Joffe and his students (reference 1, 2, 3; hye 
produstion od selenium rectifiers admixtures of halognes , in par® 
are used for the purpose of increasing the cur® 
the semiconductor. The experiments showed the 
During the electric 
continued operation of these rectifiers 4 redistribuiion of the 
which modifies the electric 
of the selenium Layer ane of the system as 4 
direction the voltage applied to the rectifier is 

localized almost entirely at the anode at the electron-hole transi* 
the formation of a great resistance. This causes 

a temperature gradient along the semiconductor» 
mined the coefficient of thermal conductivity by 4 stationary 
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A Wote on the Influence of a Chlorine Admixture on the Thermal Pouly-20/ 51 
Conductivity of Selenium. 


thod by means of a cylindrical set up; containing 4 sensitive semi* 
conductor ring for the removal of Jateral heat lossette A diagram 
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SOV/137-59 428423 
Translation ‘rom: Referatiynyy shurnal, Metallurgiya, 1959, Nr k,. p-155. (USSR) . 


24-7700 


AUTHORS: Aliyev, ee Abdullayev, @.B, 


TITLE: The Effect of the Admixture of Chlorine on Electric Properties of 
Selenium ,/\ v\ 


PERIODICAL: Izv.AS AzerbSSR, Ser, Fiz-tekhn, i khim, n., 1958, Nr 4, pp 23 ~ 30 
(Azerb, résumé) 


ABSTRACT: The authors investigated changes in electric conductivity C and thermo- 


emf A“ of Se depending on Cl concentration (0.0035 - 0.5%) snd tempera~ 
ture, Crystallization of a smelted Se and a mixture was carried 


out under pressure first at 130°C, then at 200°C (40 minutes each), Cl 
admixture up to 0,125% raise 6 of Se (up to 1,000 times) te maximum 
is attained at 0,125% an then © decreases with higher Cl «mount. Hole 
conductivity is preserved, The coefficient & within a rane of 25 - 
85°C inoreases with elevated temperature, Eleotroconductivity in this 
range of both pure and admixed Se increases with raising tenperatures X 
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The Effect of the Admixture of Chlorine on Electric Properties of Seleniun 


according to the exponential law. If the Cl amount inoreases, dissociatiim work and 
coefficient % decrease, and concentration and effective mobility of charie carriers 
increase, It is conoluded that admixtures of Cl cause the formation of ai‘lditional 

energy levels in Se,. which are arranged at the upper boundary of the filltd-up zone, 
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Translation from: Referativnyy zhurnal, Metallurgiya, 1959, Nr 5, p 172 (USSR) 


AUTHORS: 


TITLE: 


PERIODICAL: 


ABSTRACT: 


Card 1/1 


Aliyev, @.M., Abdulayev, G.B, 


On the Effect of Chlorine Admixtures on the Heat Condustivity 
of Selenium r\ 


Tp, In-ta fiz. 1 matem. AS AzerbSSR, 1958, Vol 9, pp 2) - 26 
(Azerb, résum 


The atuhor used the method of the stationary thermal field to 
investigate the effect of the admixture of 0,0035 - 1% Cl on 
the heat conductivity of Se, It was found that the heat con- 
ductivity minimum was attained with a 0.03% Cl concentration, 
After the Cl concentration was es high as 0.5%, the heat con- 
ductivity approached a constant. value butdid not, however, 
attain its initial value, The course of the heat conductivity 
curve does qualitatively not depend on the Se recrystailization 
and is explained by the presence in Se mainly of phonon. heat 
conductivity and by changes in the cross section of ph:inon 
scattering depending on the Cl concentration, AL 
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ABDULLAYEV, G.B.; ALIYEV, G.M.; CHETVERIXOV, N.I. 


Influence of Ga and Fe impurities on the thermal condu:tivity of 
germanium, Zhur. tekh. fiz. 28 no.11:23682371 N '58. 
(MIRA 12:1) 


(Germanium-—Thermal properties) 
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“UTHORS: Bipot Ue MeccsbeMagen, G. B. SOV/ 20-1'29-1~19/63 


TITLE: The Tempernture Dependence of the Thermal Conductivity of 
Selenium With Smell Chlorine Additions (0 tenpnraturnoy zavisi- 
nosti teploprovodnosti selena s primes'yu khlora) 


PERIODICAL: Doklady Akadenii nauk SSSR, 1958, Vol. t20, Nr 1, 
pp. 76 - 78 (USSR) 


ARSTRACT; The present paper investirates the tenporiture dependence of 
the thermal conductivity of crystalline seleninm with different 
additions of chlorine. The samples of difreren! chlorine content 
were produced of a mixture of seleniun tetrachioride and sele- 
niun (purity 99 ,996%). Tie amount of the chlorine contained 
in the selenium was determined argentometrically. The coeffi- 
cient of thecmal conductivity was deternined Ly means of the 
otationary method with a cylindrical apparatus, a diagram shovs 
the temperature dependence of the coefficient of the thermal 
conductivity upon different chlorine contents. The coefficient 
of thermal conductivity decreases with rising temperature. 
Only ii: the case of pure sanples there is u 67311] deviation fron 
Casd 1/3 the lincanrity. Another dieygrac shows the deperience of the 
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The Temperature Dependence of the Thernal Conductivity 0Y/20-120-1-19/63 
of Selenium With Small Chlorine Additiors 


thermal conductivity on the electric conductivity for samples 
of pure selenium as well ag for samples of different chlorine 
content. In all ssmples a lineur dezendence exists between 
the electric conductivity and the thermal conductivity. With 
increasing chlorine content the slope of the stirnight becones 
less. The straights expressing the dependence of the thernal 
conductivity Aon the electric conductivity o can he expressed 
by the equation A = ka + c for sanples with end without chlo- 
rine additions, where k and c denote constants in all samples. 
(The corresponding numerical values are given). At all ten- 
peratures the thermal conductivity in the case of an increasing 
electric conductivity first decreases and then increases. The 
total coefficient of thermal conductivity of a body is, as is 
known, conposed of the coefficients of thermal conductivity 


Gependent on phonons and electrons: . 
. 7 iA = electzon +d phonon 


In the samples with and without chlorine additions A 
electrons 


is extremely small which is proved by the lack of any influence 
of the magnetic field on the thernel conductivity. A reise of 
Card 2/3 temperature increases the scattering of the phonons on phonons 
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The Temperature Dependence of the Thermal Conductivity S0V/2o0-120-1-19/63 
of Scienium With Snall Chlorine Additions 


and.therefore reduces the coefficiert of therunl conductivity. 
Tro deterioration of the Solt-Ampdxe characteristics of the 
sdleniun rectidiers as 2 conseinence oF 2 texrprretnre rise 
portly ip dependent on the deexeaoe of the coelfieient of 
thernal conductivity of seleniwa and therefore elso on the 
decrease of the thermal scattering. Seleniun sith on addition 
of 0,0035% chlorine has its createst thermal conductivity at 
80° (which corresponds to the operational tenoereture of the 
seleniun rectifiers). There are 4 figures and ‘3 references, 
allof which are Soviet. 

PRESENTED: November 1, 1957, by A.F.Ioffe, Member, Accidery of Sciences, 
USSR 

SUBMITTED: October 11, 1957 


1. Selenium--Conductivity 2. Conductors--Temperature factors 
3. Selenium--Heat transfer 4. Heat--Conductivity 5. Chlorine 
-~Properties 6. Dry disk rectifiers-~Analysis 
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24,7600 SOV/81-'59-10-34022 
Translation froms Referativnyy zhurnal. Khimiya, 1959, Nr 10, p 28 (USSR) 
AUTHORS : Aliyev, G.M., Abdullayev, G.B. x “4 
Y 
TITLE: On the Effect of the Admixture of Chlorine on the Heat Condustivity of 
Selenium y\ 
PERIODICAL: Tr, In-ta fiz. matem, AS AzerbSSR, 1959, Vol 9, pp 20-26 (Azerbaydzhanian 
summary 
ABSTRACT; The heat conductivity A of amorphous and crystalline Se anc. the effect of 


a Cl admixture on it has been studied. The increase of A at the transi- 

tion from amorphous to crystalline Se is connected with the reduction of 

the quantity of defects in the lattice which are centers of scattering of 

phonons, The admixture of Cl to a certain percentage inoreeses the ef- 

ficient cross section of phonon scattering, which leads to the reduction 

of A ; at a further increase of the Cl concentration due ta recombination 

of the admixtures and the formation of neutral molecules, A increases again. 

The ratio Agy/Agm for admixture-free samples is equal to @, in the case 

of samples with Cl it is, independently from the Cl content, equal to 3. 
Card 1/2 It is assumed that in the crystallization of Se the admixtures are displaced 
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S0V/81-519-10-34022 
On the Effect of the Admixture of Chlorine on the Heat Conductivity of Selenium 


and are concentrated in the interorystalline interlayer and affect their heat conductivi- 


ty. 
V. Ostraborodova KO 
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Ju. 710° , aan 
AUTHORS: Abdullayev, G. B., Aliyev, M. I., Bashshaliyev, A. A., 
Aliyev, G.M. 
TITLE: Effect of halide impurities on the physical properties of 


selenium 


PERIODICAL: Referativnyy zhurnal. Khimiya, no. 15, 1961, 29-71), abstract 
156196 (Sb, "Vopr. metallurgii i fiz. poluprovodnixov", M., 
AN SSSR, 1959, 80-88) 


TEXT: The authors studied the effect of halide impurities on tine 
crystallization rate, electrical, thermal, and optical properties of se. 
X-ray analysis showed that at annealing temperatures from 60 - 30°C iodine 
impurities accelerate Se crystallization. In the presence of I and Br, Se 


begins to crystallize at 60°C, while pure Se begins to crystallize only 
at 60°C. Halide impurities increase the electrical conductivity of Se by 
several hundred times. The dependence of the hole mobility on the X 


Cara 1/2 
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$/081/61/000/015/005/139 
Effect of halide impurities on the ... B101/B110 


impurity concentrations shows a maximum. With rising temperature the hole 
mobility in pure Se and in Se with iodine impurities increases, while their 
concentration decreases. This phenomenon is explained by structural 
peculiarities of Se which is a polymer, and by the effect of the inter- 
crystalline amorphous layers acting as potential barriers. On transition 
from the amorphous to the crystalline modification, thermal conductivity 


of Se increaues from 3413.10"? to 7.010107? cal/cm-secedeg (25°C). In 
this case spec.fic heat decreases. At 640 mu the forbidden-band width of 


the amorphous Se is 1.94 ev, that of crystalline Se (at 680 ft, is 1.83 ev. 
{Abstracter's note: Complete translation.} j 
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ALIYEV, B.D. ; ALIYEV, G.M. 


Effect of cadmium impurities on the thermal and electricul con- 
duetivity of selenium. Izv.AN Azerb.SSR.Ser.fiz.-mat.i ‘eth nauk 
no. 5385-90 '60. MINA 14:4) 


(Selenium--Thermal properties) 
(Selenium-~Electric properties) 
(Cadmium )° 
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ALIYEV, G.M.; ALIYEV, B.D.; KERIMOV, 1.G. 


Temperature dependence of the thermal conductivity of seluniun 

with an admixture of cadmium 4a Azerbaijani [with summary in 

Ruggian}]. Izv. AN Azerb, SS. Ser. fiz.-mat. i tekh. nault 

no.6:99-104 '60, (MIRA 14:8) 
(Selenium—Thermal properties) 
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PERIODICAL; Referativnyy zhurnal, Metallurgiya, no. h, 1952, 50 - 51, abstract 
4G331 ("Lzv. AN AzerbSSSR. Ser. fiz.-matem, i tekhn, n.", no. 3, 1951, 
63 - 74, Azerbaydzhanian summary) 


TEXT: The effect of Ga on electric properties of pure Se was etudied as 
yell as the possibility of substituting by gallium the haloid admixtures applied 
at present in the industry. Tne Se used had a purity of 99.9996%. Ga was intro- 
duced both as GaSe and in the. metallic form, When producing Ga and £e samples, a 
mechanical mixture of Se powder and mpeatiic Ga was charged into ampcules, which 
were evacuated to the pressure of 107° mm mercury column and placed in a muffle 
furnace where the temperature was gradually raised up to 800°C. The exposure was 
} hours and thereafter the mixture was cooled with the furnace, Wher preparing. 
Se and GaSe samples, the mechanical mixture in evacuated ampoules was; heated to 
1,100°C, The electric conductivity was measured by a sound method in the tempera- 
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sure range of 20 - 200°C both on pure Se samples and cn those with 0.25, 0.5, 1, 2 
3 and 4 weight $ Ga, It has been shovm that with an increased Ga cor.sentration 
the electric conductivity increases, reaches maximum, and then drops. At hes Ga, 
added in the form of GaSe, Se changes metallic character of conductivity into semi- 
sonductor one, The electric conductivity of Se sanples with a metallic Ga admix- 
ture increases with the temperature. The differential thermoelectronotive force 
“las measured in the temperature range of 20 - 200°C. At indoor temperature the 
thermoelectromotive force of Se is 914 puv/degree, and it drops rapidly with the 
increase of temperature. Samples with a Ga admixture have a hole type conductivity. 
GaSe and metallic Ga admixtures change essentially the course of the temperature 
dependence of the thermoelectromotive force of pure Se. The thermoe!.ectromotive 
force of Se with a GaSe and metallic Ga admixture increases essentia.ly with the 
temperature. The hole mobility in Se with a GaSe admixture increases with the 
temperature, and in Se with a metallic Ga admixture it decreases up ‘0 70°C and 
increases with a further increase of the temperature. 


B,. Turovskly 
[Abstracter's note: Complete translation] 
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AUTHORS ; Aliyev, B. D., Aliyev, G. M., Kerimov, I, G. 
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TITLE: Effect of some metallic impurities on electrical and iihermal proper- 
ties of hexagonal selenium 


PERIODICAL: Referativnyy zhurnal, Fizika, no. 5, 1962, 29, abstra:t 5£231 
("I2v, AN AzerbSSR Ser, fiz.-matem, i texhn. n.", 1961, no. 4, 
37 - 44;  Azerb. summary) 


TEXT: It is showi that Bi und Cd impurities up to a specifi content 
(0.04% Bi and 0.125% Ca) reduce the thermal conductivity of Se, bul; raise it if 
their content is increased further. Bi, Cd, and Ga impurities raise the elec- 
tricel conductivity of Se, Ga raises 4t to a higher degree than B:. and Cd. Bi 
and Cd impurities reduce the thermo-emf of Se, whereas Ga raises it), The thermo- 
emf of both pure and impurity-containing Se grows with temperature, The sign of 
+he themno-emf of both pure Se and Se containing Bi, Cd, and Ga inpurities, is 
indicative of the hole mechanism of the carriers.. . 


[Abstracter's note: Complete translation] 
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AUTHORS : Aliyev, G.M., Abdullayev, G.B., Ba:kinkhoyev, Kh.G., et al. 
i nn ce 


TITLE: Electrical properties of pure selenium 


PERLODICAL: P¥ehled technické a hospodarskd literatury. Energetika a elektro- 
technika, v. 19, no. 5, 1962, 199, abstwact # E 62-2671. Maruzalar 
Dokl. 7, nce. 7, 1961, 569-573 


TEXT: The author starts from the proven fact that the concentration of 
holes in selenium decreases and mobility increzses with increasing temperature. 
This phenomenon does not conforn with the semic onductor theory. The conducted 
experiments show that this discrepancy is closely related to the chemiéal purity 
of selenium. Diagrams show the curves of the cependence of electrical conducti~ 
vity of Se (99.994%), Se (99.996%) and Se with small admixture of “ig and Si. 
These curves demonstrate that the decrease of clectric conductivity with increas~ 
ing temperature depends on the degree of purity. The dependence of thermoelectric 
force on temperature_was also verified. The o:iginal article contains 4 figures 
and 16 references. {Abstracter's note: Complet:: translation/ . 
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AUTHORS : Aliyev, G. M., Abdullayev, G. B., iJarkinkhoyev, Kh. G., Kerimov, I, G. 
TITLE: Electrical properties of pure seleiium 


FERIODICAL: Referativnyy zhurnal, Metallurgiya, no. +, 1962, 51, abstract G332 
(Dokl. AN AzerbSSR", 17, no. 7, 1361, 569 - 574, Azerbaydzhanian 
summary) 


TEXT: Measurements of electric ccnductivity and thermoeiectromotive force 
cf 99.999555 pure Se were carried out, The electric conductivity o of pure Se de- 
creases with the increase of temperature from iadoor to 150°C and ten starts 

increasing. The decrease of G’at tenperatures ip to 150°C is explained by the pre- 
vailing effect of the decreased mobility over tne increased concentration of cur- 
rent carriers. The thermoelectromotive force at indoor temperature was 91% 4v/degee 
cond it dropped rapidly with the increase of temperature. The thermvelectromotive 
force was measured by the compensation method. The concentration cl current car- 
riers at indoor temperature was 5,7°% + 10 em73, The measurements were compared 
with the data obtained or. 99,994% pure Se, There are 16 references, 

[Abstracter's note; Complete translation] A. Gubenk» 
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TITLE: Electric properties of gallium-dopei selenium 


PERIODICAL; Referativnyy znurnal, Fizika, no. 12, 1961, 359, abstract 12E481 
(Dokl., AN AzerbSSR, 1961, v. 17, 2. 13, 191 - 196, Azerb, summary) 


TEXT; The effect of gallium-doping on the electric conductivity 6 and 
thermo-emf ot of Se was:investigated, Doping with up to 0.125 wt € G& causes dof 
Se to increase almost 160 times, after which 6 slowly deoreases with increasing 
Ga content. o of specimens with different Ga ccntent was measured in. the range 
20°- 200°C, The sign of ™ always points to p-type conductivity. The tempera- 
ture dependence of hole mobility #, for differert Ga content is plotted. In sp¢- 
cimens containing 0.125 wt % Ga, ‘4 at first decreases sharply, then remains con- 
stant, In the rest of the specimens, Hp increases with temperature, 


B, 0l'khov 


[Abstracter's note; Complete translation] 
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| AUTHOR: .Barkinkhoyev, Kh. G.; Askerov, Ca. M.; Aliyev, G. M. 


TITLE: The effect of s mercury admixture on the electric properties of 
selenium P ; 

| SOURCE: AN AzerbSSF. Isvestiya. Seriya fis.-matem. 1 tekhn. nauk, no. 6, 

: 1968, 73«78 

‘ “TOPIC TAGS: mercury, mercury vapor, selenium, electric con¢luctivity, dif- . 
! fusion factor, component suspension,. molybdenum ampule, therrnoelectromotive 
forces doner level, acceptor level 


_ ABSTRACT: The investigation into the effect of mercury impurities on the elec- 

' tric properties of selenium was prom)ted by the contradicto opinions on This 
subject published in literature. The samples involved in the test were molyb- . 
denur ampules with selenium end mercury. Following a special treatment,’ the 
samples were crystallized at 210C for 25 hours. The electric ccinductivity and. | 

ther owlectromotive force were then measured by the compensa(ion method, = 
and the graphs were plotted:on the basis of the-mean values of several tagasure- 
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mefts. The same samples were used for measuring the thermoel.ectromotive ,. 
force in relation to copper within an 8-10 degree gradient and 20-!100 C temper: 
atWre range. The experimental data reveal that the small concentrations of — . 
mercury atoms in the selenium tend to reduce its electrical conductivity. This 
c8N he explained by the assumption that the mercury atoms in the selenium pro; 
_. duce donor levels which increase with increasing impurities, intensifying their, 
compengation of the selenium acceptor pi i Such an effect of the impurities 


prior to the full compensation of the seleniam acceptor levels, should leadto | 
a reduced electric conductivity. The increasing temperature relationship of the: 
- goncentration and the reduced mobility of the current carrier in selenium are 
.; natural from the point of view of the band theory. All the data pul)lished in 
Mterature indicate that the mobility increases and the concentratiim of the cury 
. sent carriers in selenium decreases with temperature.. But this problem, on 
‘the whole, is still not very clear. Orig. art. has: 6 figures 
ASSOCIATION: AN. AserdSSR 
DATE ACQ: 17Apr64 ENCI.: 00 
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AUTHORS: Abdullayev, G. Be; Aliyev, G. Me; Barkinkhoyev, Kh. G. 
ERB RERURTEL I OE 
TITLE: Effect of gallium {mpurities on the thermal conductivity of hexagonal 


selenium 
SOURCE: AN AcerbSSR. Doklady*, Ve 19, now 8, 1963, 9-13 


TOPIC TAGS: selenium thermal conductivity, selenium, thermal conductivity, hexago- 
nal selenium, galliun impurity effect, gallium impurity, gallium, amorphous seleni- 
um, metallic impurity, selenium valve, Ioffe formula, phonon mechanism, absorption 
coefficient, crystalline selenium, nonmetallic impurity, crystal luttice, metallic 


galiiun impurity, selenium doping, phonon scattering 


ABSTRACT: The influence of metallic gallium admisctures on the heal, conductivity nr 
of crystailine selenium in the temperature interval of 85-450K has been studied. 
Cylindrical crystal agglomerates of pure selenium with 0, 0.25, 0.40, 1.0, 2.0, 3.4 
and 4.0 wt % were tested. Their diameters were 10-12 mm and their lengths 10-13 m. 
Tests were conducted under static conditions. fo avoid -adiation heat lossas, 
lateral surfaces of the specimens were coated with india ink and carbon black. It 
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was found that.at 299K A reached its maximum for the 1% admixture. A study of 
temperature-, relations for 3 samples brought out the existence of minima in the 
300-330 K range. The electron component of A was estimated to be on tine order of 
107-1079 cai/em sec degree. The phonon theory of heat conductivity indicates 
that for the Debye temperatures and above, /\ is inversely proportional to T: 


: 1. KaA : (1) 
oe T cu-cex-epad ; 

The present experiments confirmed this theory for T between the temperatures of 

liquid nitrogen and room temperature (with coefficient a varying fron 0.75 to 0.98 

for different samples). At higher temperatures (350K) an increase in A, reaching 

- 25-30% at 09K, was observed. This increase is attributed to the photon mechanism 

and to heat being conducted by electromagnetic readiation. The authors thank 0. G. 
Kerimov, director of the heat laboratory, for his interest and valuable suggestions. 
Orig. art. has: 3 graphs, 1 tadle, and 3 equations. : 
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_ ‘MUTORS: Abdullayev, G: B.; Aliyevs G. Mei Barkinxhoyev, Kh. G.; Askerov, Ch. M.; 
Larionkind, L. S. a 


“TITHE: Electrical properties of orystallins and liquid selenium after deoxy genation' 


:SOURCE: Fizika tverdogo tela, v. 6, no. 4, 1964, 1018-1022 


‘TOPIC TAGS: electric conductivity, seleniun, deoxygenation, thermoelvotromotive 
‘force, solid liquid study : 


‘ABSTRACT: - The authors measured’ the electrical conductivity and the thermoeleotro- 


‘motive force of three samples of Se in the temperature interval 293~-7'3K. ~The 
i samples. were characterized by the following impurity concentrations: 40776, 107“, 


‘and 107% for the three samples, respectively. Measurements were made on all thiree ; 
‘samples before deoxygenation (ordinary Se) and on samples 1 and 3 aftir deoxygenir — 
ition. Different jumps in conductivity were observed during fusion of all three ,¢ 
: samples of ordinary Se. The aotivation energy of eleotrical conductivity was found © 
ito be 2.05 ev for liquid Se of this type. In the solid phase, the thermoeleotro- |..- 
jmotive force of sample 7 ordinary, Se declined with increase in temperature. During | - 
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fusion the sign changed to negative, and in the liqaid phase it inoreaseé in ; 
‘absolute value. The thermoelectromotive force of samples 2 and 3 ordinary Se in the. 
jorystalline state increased with rise in temperature.. During fusion it fell sharply’ Py 
ms j(to zero), did not changa sign, and increased again in the liquid state. After = | 
deoxygenation, the cond.ctivity at room temperatura declined approximately by a “4 
factor of 100. No jumys were observed. Th, aotivaticn energy of the conductivity, | 
{in such liquid Se becare 0.6 ev. The thernueleotromotive force of samples 1 and 3 ' 
yin the liquid state indicates n-type conductivity, increasing in absolute value. 
[In orystalline Se of sample 3, no ‘chermoe’?~atromotive force was observed. It was 
observed in sample 1, but the valua wex »:all and corresponded to hole conductivity.; — 
|"The authors express their thanky to Professor A. Rs Regel' for his interest in the | 
lwork and for his valuable advic:." Orig. art. has: 1 figure. 
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‘PITLE: The effect of antimony admixture on density, heat coniuetivity, and 
microhardness of seleniun 


SOURCE: AN AzerbSSR, Doklady#, v. 20, no» 2, 196, 27-32 


‘TOPIC TAGS: antimony, selenium, recrystallization, selenium heat treatment 2 
‘ABSTRACT: ‘The effect of antimony admixtures on the physical properties of selenian“ 
‘was studied. The samples consisted of antimony and selenium powders inixed in 

various proporticns. These powders wore poured into quartz ampules which were 
evacuated to 107~* mm Hg and sealed. In this state the samples were heated in an 

‘oven at 850C for 8 hours and cooled t» room temperature. At this staye the samples . 
were amorphous. The mezsur2ments of their heat conductivity and density were made 
before they were replaced i1 the ampules and allowsad to crystallize at 90, 130, and 
1600 for ono hour and at 2100 for 60 hours. After each crystallization period the 
‘relation between the physical properties of every sample and its antimony content 

was studied. The variation of the heat conductivity coefficient of swleniun with 
ae 1/4 


Fe Ree + ee ace eee NN Ee ARE ee OT, Ee EN NNR RHO ee tS eer emer 
° : 


APPROVED FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000101120012-3" 


"APPROVED 


FOR RELEASE: 03/20/2001 CIA-RDP86-00513R000101120012-3 
es a Ore BEE Tss BES Sia SRSA NY oe Seen aS Sea Tea aT {PIS RPIE TSS 


RE) SI CT Saar ae rg men Sy Cae ee FSGS ERR Men oe RS ER 


ACCESSION NR: AP4O39227 


‘respect to antimony concentration at 20-22C is shown in Fig. 1 of the Enclosures, 
where the conductivity is seen to increase during the transition from the amorphous — 
to the crystalline state. It decreased with the increase in antimony conten’ to 
0.125%, beyond ‘which point it started rising. This behavior was explninod by, the 
hypothesis of V. N. Lange and A. R. Regel'! (FIT, ve 1, noe k, 1959) which states 
‘that small quantities of antimony distort, the crystalline lattice of selenium, 
while larger amounts of antimony have the opposite effect. The variation in the 
microhardness, thermal conductivity, and density of crystalline selenium with 
iréspect to the antimony content is shown in Fig. 2 of the Enclosurese The micro- 
hardness minimum also occurred .at 0.125% antimony content. In order to check the 
accuracy of the experimental results, the variation of selenium properties was 
‘calculated according to the formula derived by A. V. Ioffe and A. F. Ioffe ("DAN 
‘SSSR", 1954, ve 98, Noe 5)e The theoretical and experimental data correlated 

. closely. Orig. arte has: 1 table, 2 figures, and 3 formulas. 
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TTL: Effect of oxygen on ‘transport ‘Phenomena in selenium of: Tien? 


, [purdty,. fe lee ares 2 oe: oo. ae 


oe cd AN ‘AzerbSSR. ‘Dok aay, v. aa, no. 3, 1965, 18- 21 


MOPIC TAGS: selenium, selenium reotifier, thermal sauctiviegs <= 
ee conductivity, thermal cake Hall effect, carrier density, 


jai. mobi oe 


Somer : The authors ‘report: eenaite ‘of dnvestioations of: the ‘anflu- 
jence of artimony impurity, whish effectively compensates. the acceptor 
wanes of oxygén, on the electDic properties of crystalline and — 

li uid selon and on the thermal conaucsivity of crystalline selen-|— 
ium of: purity\99.9999 per cent before and: after deoxidatiion and after -—— 
—loxidation. The enn prone was: “by the method of P. T. Kijizyrev: : 
|Vecdy. 113;'.1959). ‘The’ procedure ': ‘for measuring electric dionduotivity - 
and the’ sta conduotiva tit’ ap ‘Tune tions A the teva es. and: of h 
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“| tempera turt was deseribed earlier (FTT v. 4%, 1018, 1964 alld elsewher 
‘The Hall ei'fect was measured with direct current by a compensation - 
_ 'method in ti magnetic field of 20,000 Oe. The article includes a. 
-| table of the dependence of the electric conductivity, the! thermal: con 
‘iductivity, the Hall density, and the Hall mobility prior ‘io deoxida- ; 
ition, and iilso of the electric ccnductivity and thermal conductivity jo” 
lafter deoxidation, as functions of the antimony content, and plots of |. «~ 
‘| the temperiture dependence of the electric conductivity bufore and .-f..0- 
_ jafter deoxldation.. The results show that ‘the antimony has, different 
leffects on the electric and thermal conductivities before and after, |, 
- ldeoxidatio’, and varies: with the antimony:content. The jump inthe °. 
| conductivity. occurring at the melting poirt also depends tin the: oxyge! 
leontent. The results have a-direct bearing on the fact ttiat: various 
. lmechani.cal properties of selenium rectifiers and photocells are’ oo: 
... governed principally by their oxygen content. ‘Orig. art.: has: . 2. 
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TITLE: Effect of oxygen additi72ns on the electrical properties of selenium 


SOURCE: AN AzerbSSR. Izvestiya. Seriya fiziko-tekhnicheskikh i matematicheskikh nauk, 
no. 4, 1965, 74-79 


TOPIC TAGS: selenium, thermal «emf, Hall effect, activation energy, Hall mobility, 
yaevrens carrier, electric property 4 


{ductivity o of Se before and after deoxygenation, after oxygenation, as well as of the 
temperature function of the Hall effect in the solid and liquid\States. The work was 
carried out to fill a gap in the literature. The antimony was added as Sb and Sb2Se3 
in amounts of 0.05, 0.1, 0.125, 9.25, 0.5, 0.75, 1, 2, and 5 wt %. For ordinary Se 
(prior to deoxygenation), the o decreases with increasing content of Sb and at 0.5% it 
reaches a minimum; with further addition of Sb, it increases. The o was found to be 
the same for Sb9Se3. At 20-220, the o practically does not change. At the melting 
point, the o drops abruptly. After melting, (starting at 240°C), it rises exponential- 
ly with temperature. Activation energies AF, calculated from the slope of the lg vs 


|ABSTRACT: Measurements were mace of the effects of Sb “onyeenatfen the electrical con 
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vs 1/T curve, are affected littlu by small concentrations; starting at 1% Sb, AF gra- 
dually increases and at 5%, reaches 0.52 ev. In melting pure Se, thu concentraticn of 
the current carriers decreases from 2.27¢10)" at 2.6°C to 3.20° +1013 cm 3 at 350°C and 
it continues to decrease with further heating. Measurements of magnetic susceptibiiit 
in the solid and liquid states indicate a decrease concentration of holes during melt- 
ing. Temperature function of th: concentration of the current carriers, determined 
from the Hall effect and the theimmal emf, is about the same. At room temperature, the 
Hall mobility in pure Se is equal to 10.45 cm“/v*sec and is in good agreement with li- 
terature data. The mobility of’ ‘oles in pure Se grows insignificantiy with tempera- 
ture in the solid state and in malting it Zeops abruptly, but in the liquid state, it 
grows exponentially with temperature. In conclusion the authors thank Professor G. B. 


Abdullayev for supervising the work and Ya. N. Nasirov, R. Kh. Nani «nd V. B. Antonov 
legs assistance in measuring the Hall effect. Orig. art. has: 2 tables, 3 figures. 
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TITLE: Electric properties of scleniun single crystals i. 


L : i 
SOURCE: AN AzerbSSR. Izvestiya. Seriya fiziko-tekhnicheskikh 4 matematicheskikh nauk, 


‘No. 3, 1965, 90-95 


TOPIC TAGS: semiconductor, selenium, selenium rectifier, semiconductor single crystal 
ABSTRACT: Conductivity of Se crystals obtained from vapor and from met was measured 
at -170 +215C, in vacuum (0.001 torr), in darkness. At room temperature, the 
conductivity was 2.3 x 10°6 and 1.1 x 10°7 mhos/em for vapor and melt erystals, 
respectively. Curves of conductivity along and across C-axis vs. tempurature are 
shown. The above data is comparei with that avialable from Soviet and Western 
publications of 1938-64. Orig. art. has: 4 figures and 2 formas. 
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TITLE: The production of selenium single crystals 


ya 
SOURCE: _AN AzerbSSR. Institut fiziki. Selen, tellur i ikh primeneniye (Selenium, 
tellurium and their utilization). Baku, Izd-vo AN AzerbSSR, 1965, 2%'-29 


TOPIC TAGS: selenium, single crystal growth, single crystal production, growth 
rate, pressure dependence, illumination, ultra high purity metal, heat treating fur- 
nac2 

. "1, apmngeen ST 

ABSTRACT: Methods of increasing the normally slow growth rate of selenium single 
crystals were studied. The growth rate is slow owing to the closed chain-like struc- 
ture of the amorphous selenium inolecules. The sirgle crystals were grown from a 
vapor in a vacuum and also under slight pressure of argon or helium. Three tubes 
made of Mo glass (50 on high and 3.5 cm in diameter) were filled with powdered sele- 
nium of 99.99999% purity to a height of about 6 cm and evacuated to 10 2 mn Hg pres~ 
Sure; two of these were then filled with argon and helium respectively to a pres- 
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sure of 1 atm. All the tubes were then placed ina cylindrical furnace and heated 
to 260°C (a schematic of the apparatus is shown). After 8 days at 260°C, the tubes 
were quickly removed from the jurnace. On the walls of all the tubes, as a result 
of the removal from the furnace, needlelike crystals grew away from the wall toward . 
the interior and slightly downvards. After crystallization, the tube walls were 
covered with a red depesit in the case of helium and argon and with a gray deposit 
for the vacuum. For the vacuun-grown crystals the needles were sho:rt and cactus- 
‘like, while in argon and heliun the growth was typified by a uniforin density of 
needles of lengths varying fron 0.5 to 1.5 cm; in helium the needles were sligm + 
longer. An x-ray rotating pattern of a needlelike single crystal cf selenium is 
shown. The increased growth rate of the selenium resulted in the longer crystals. 
The lack of data on the thermal, electrical and photoelectrical properties of sele- 
# nium single crystals is attributed to the difficulties encountered in growing sele- 
nium crystals. The authors express their gratitude to K.P. Hameday for the x-ray — 
‘pattern. Orig. art. has: 3 figures. 
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SestRACT! in order to olabity the influence of impurities on the foe ae 
and the jump in the electrical cenduatiyity 3B, of eemecsta es Etec 
the o of selenium of brands and ° le ; 
99 ao60% ware} n the hexagonal nodification and in the liquid stzte repre re és 
melting Fange was studied. Fig. 4 shows the curve of 6 vs. the eres a Tere yeccone 
ities. It is seen that Dy increnses 6 by 4 factor of ay ue ee Ve Sanne 
centration of Cl, the more slowly ¢ reaches a maximum. af Pio ghee 
tifiers and can |e used to 
6 studied in the production of selenium rec k 
ice tte voletile CL apaeition: Cl strongly inoreases 0 in et 
strongly decreases it. A study of the temperature dependence 0 sh: eee 
the solid state and its jump on melting change substantially with barren art eae : 
trations. Cl acts like caygen, creating acceptor levels in Se, and thus in 
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the curront carrier concentration and hence 6 . ‘The decrease ind cased by S is 
apparently due to the fact that ‘the acceptor action of oxygen 4s partly offset by sule, 
fur impurities, which decrease the carrier concentration and hence 0. Tho jump ing 
on melting 4s due to the presencs of 4npurities in seleniwa which after melting become 
inactive, %n conclusion, authors thank Prof. G. A. Abdullayev for his steady interest 
and useful suggestions. (rig. art, hast 5 figures, 1 tabie and 1 formila. 


? 


Figs 1. Electrical conductivity of seleniun 
vs. concentration of Cl, 3 ani Dy 4mpurities 
1 - Set#Cl; 2 - Se + £3; 3 - 30 + Aly. 
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SOURCE: AN AzerbSSR. Izvestiya. Seriya fiziko-tekhnicheskikh i. matematicheskikh nauk, | 
no. 4, 1965, 84-89 
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ABSTRACT: Density (6) and heat conductivity (A) measurements were made on Se (99.9999 
ipurity) containing 0.034, 0.17. 0.34, 0.85, 25 3.4 at $ Na. The temperature function 


of A is expressed by axtT™. For amorphous Se, A has a maximan for 0.17 at % Na and for 
crystalline Se, A has a minimun for 0.34 at % Na, after which the properties of both 
approach those of pure Se. The absolute values of a decrease with an increase in impu- 
rity content. With the addition of up to 0.034 at % Na, a increases to 0.159 g/em3; 
further increase to 0.85 at % decreases a to 0.068 g/em>. Measurements of x-ray and 
pyncnometric densities of polycrystalline Se and the addition of Na confirm the assump- 
tion that the Se has vacancies and pores. Orig. art. has: 3 formulas, 2 tables, 2 


figures. 
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OPTIC’ TAS: ‘selenium, ‘polymer: structure, <crteonuevian sation! semicinductor. Ons - 
; ductivity, thermoelectric power, Hail effect, liquid state, carrier diinsity, ahetate- 


oy TRACT: ° In. view of the fact that the mechanism of conductivity of ielenium has 

‘not been'fully explained and.the experimental data contradictory, 4 the influence 
of different impuritics, cspec}ally oxygen, on the electrical propertiles of seleniun 
‘| ‘has not been clarified, nox has the-melting of selenium and its liquijl state ‘been. E 
ae studied, | ‘the authors present: Bhe: results of a. comprehensive investi,at! lon ofsthe elec- 
~ tric conductivity, thermoelectric power, and Hall effect in solid and’ liquid selenium 
(from 20 to 450°), including the meJting region. The experiments were made with very 

pure selenium type Bs (99+9999)%) before and after removal of oxygen, and with dif- 
ferent dégrees of oxidation ani with different amounts of oxygen-compiinsating impuri- 
ties (Sb, Ca, Mn). ‘The electric conductivity (0) of solid and liquid selenium ine = [7 
- creases with the temperature exponéntially, and oxperiences an abrupt decrease. te S, 
ee: ‘The carrier density 1a found to be independent of the temperatura (~1025 
) “the Jumplike decrease an oon m melting is due both to thu. decrease in the 
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- @limination of oxygen 
times and in the carrier mobility by ~10 times. 
|. oxygen atoms in the polymer chain of selenium produce acceptor cent 
-|- creasing the hole density, and decrease the 4nbermolecular barriers, ‘hus increasing» 
“the carrier mobility. It is therefore concluded that selenium, like ‘irganic semi- . 
- eonductorti, is very sensitive to the method of preparation and heat tieatments The |; 
“authors aie grateful to Professor G- “B, \Avdullayey for directing the ork and Doctor 
~ of Physicil-Mathematical Sciences M. i, flinger for valuable advice. This report .. 
“was presented by, Acaderician V.: A. Kargin 25 July 1965. Orig. art. hist. 2 figure 
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“| AUTHOR : Abdullayev, G- B.; Mekhtiyeva, S. 1-3 Abdinov, D- Sh.; Aliyev’, Ge Me 
ORG; none : ee ric 


TITLE: New eupartion of high yurity eleniue’ 


ee 


SOURCE: AN AzerbSSR. Izvestiya. Seriya fiziko-takhnicheskikh i matematicheskikh nauk, 
no. 1, 1966, 71-84 


TOPIC TAGS: selenium, chemical purity, oxidation, thermoelectric power, heat conduc- 
tion, physical aiffusion, activiution energy, semiconductor conductivity 


ABSTRACT: In view of the fact ‘shat many properties of selenium are till not under- 
stood, the authors, ve checked on the hypothesis that many of them are due to the 
presence of oxygen” nd oxygen complexes iin the selenium. The authors have dnvestigated 
selenium of special high purity (grades By and Bs with purity 99 99:19 and, 99.99999 
pyefore and after de-oxidation, and also after oxidation. The methoas for oxidation 
and measurements ere inaicated in earlier papers (Frt v. 6, 1020, 195% and elsewhere) « 
The parameters tested were the electric conductivity, the thernoelecsric power, the 
thermal conduction, the activation energy during self-diffusion, the density, the 
microhardness after introducing impurities, and the effect of oxygen compensating im- 
purities (ca, Sb, Mn, TL, Na, ¢). The measurement results are presented in graphic 
form. Many of the phenomena are explained from the point of view that the oxygen in- 
purities produced in selenium acceptor levels, whereas the addition of the impurities 
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ACC NR: Ap6028918 3 
O 
which oxidize easily is equivalent to de-oxidation. ‘The latter makes selenium closer 
to an intrinsic semiconductor. It is concluded that the p-conductivity of selenium, 
the fact that the thermal conductivity, the electric conductivity, the density, and 
the microhardness go through 4 minimum when impurities are introduced, the anomalously 
jZarge value of the scattering cross section, the stron decrease in the. electric con- 
ductivity and thermoelectric power on melting, as well as other factors are connected - 
with the presence of oxygen impurities and its canplexes in the selenium. Evidence 
in favor of this conclusion 4s dvawn from a comparison of numerous experimertal data 


vy otters. The influence of oxygen on the rectifying properties of selenium is also 
discussed. Orig. art. has: 6 figures and 1 formula. 
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TITLE: Influence of electron bombardment on the electric conductivity of hexagonal 
selenium single cryetals 


SOURCE: AN AzerbSSR. Izvestiya. Seriya .fiziko-tekhnicheskikh 1 matumaticheskikh na’ 
no. h, 1966, 87-90 

TOPIC TAGS: selenium, semiconductor single crystal, electric ccnductivity, electron 
bombardment, crystal defect, annealing 


ABSTRACT: ‘The authors present. the results of an investigation ef the influence of 
electron bombardment on the electric conductivity of single crystali of hexagonal 
selenium grown from the vapor phase and from the melt. The resistance was measured 
with a de bridge in conjunction with a mirror galvanometer. The bonbardment and the 
measurement were at 300K, with the samples kept in darkness prior to the measurements 
to eliminate the effect of light on the conductivity. ‘The bombardmunt was with 5-Mev. 
electrons from an accelerator, in pulses of 3 psec length and a reputition frequency ' 
400 cps. ‘The results show that bombardment increases the conductivity from & x 107% | 
(ohm-cm)~2 in darkness to 6.6 x Jo~* within a few minutes, and then gradually to 8 
x 1074 after ninety minutes. ‘he increase in conductivity is due tau defects in the 
structure produced by the electron bombardment and to the ionizing uffect of the 
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i irradiation on the impurity atoms. The estismted maximum energy tratsferred to the 

; selenium atom by bombarding ellectrons of energy 1 and 3 Mev ‘ls $2 or 729 ev respec- | 
tively. The tests have shown that annealing of the sample ater the bombardment 
rapidly returns the conductivity to its initial value. While the variation of the ., 
electric conductivity of selenium as a function of the bombarding electron flux den- : 
sity agrees with that of germanium, the behavior of the seleniun after bombardment j 
differs from that of germaniwa or silicon, in that no speciai annealing is necessary 4 
to revomve the radiation defects. Orig. art. has: 1 figure and 1 forma. , r 
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